Abstract. The actual yield of rice in Nigeria has not been able to reach its potential. Consequently, the cost of rice importation is alarming. However, rice yield varies under various production systems. Therefore, this study examines the determinants of yield gap in rainfed and irrigated rice production systems in Kwara state, Nigeria. Gross Margin Budgetary analysis, Stochastic Frontier, and Linear Regression Model were respectively used to estimate the profitability, technical efficiency, and determinants of yield gap in both production systems. The result shows that rice production is more profitable and efficient under the irrigated rice production system than the rainfed rice production system. It was also discovered that the significant determinants of yield gap in both production systems vary. However, the size of farm cultivated and the rice variety planted are common significant determinants of yield gap in both systems. This research therefore recommends that irrigation facilities and improved rice variety should be made available to farmers. Additionally, policy makers should formulate policies that would enable rice farmers to have access to larger farm lands.
INTRODUCTION
Rice is a staple food for more than 3.5 billion people worldwide; around half of the world's population (IRRI, 2013) . Rice is an increasingly important crop in Nigeria and has been found to thrive under four main ecologies suitable for different rice varieties. These are: rainfed upland, shallow swamps and inland valley swamps (rain-fed lowland), irrigated lowland, and mangrove or tidal swamp ecology (Imolehin and Wada, 2005) . Nigeria is known to have comparative resource advantage in terms of favourable climatic, edaphic, and ecological conditions in the production of rice for self-sufficiency (Imolehin and Wada, 2005) .
Yield Gap is the difference between potential and actual yields. The actual yield of rice in Nigeria is not up to its expected potential yield. This explains why the importation of rice in to the country is at an alarming rate. The level of domestic rice production in Nigeria is estimated to be around 3 million metric tons while the domestic demand for rice is around 5 million metric tons which has led to a huge demand -supply gap of around 2 million metric tons of rice annually, thereby motivating the continued dependence on importation to fill the existing gap (Daramola, 2005) .
Nigeria ranks second largest importer of rice in the world, spending about N356 billion for about 2 million MT of milled rice. Although the country is the largest producer of rice in West Africa, it still accounted for up to 20 per cent of sub-Saharan Africa's rice imports for domestic consumptions (Omotola and Ikechukwu, 2006) . The importation of rice to bridge the demandsupply gap is worth N365 billion (Ayanwale et al., 2011) . The implication of which is a loss of considerable foreign exchange for the country which could be utilized for other needs. Imported rice has affected the domestic production and marketing of Nigeria's local rice. This is due to the decreased demand for local rice by Nigerians as opposed to the imported ones. The local Nigerian variety has a lower demand due to poor processing compared to the imported rice (Bamba et al., 2011) .
Rice yields are between 46% and 56% below their potential for different production systems (Cadoni and Angelucci, 2013) . Irrigated rice is the best performing in terms of yields (3.5 tonne/ha), followed by rainfed lowland (2.2 tonne/ha) and mangrove swamp (2 tonne/ ha) (Cadoni and Angelucci, 2013) .
The International Fertilizer Development Centre (IFDC), in the year 2008 estimated that given the average National yield of 0.96 MT/ha, Nigeria would need to devote additional 2.6 million hectares of harvest area to achieve self-sufficiency. Alternatively, if current productivity could be raised to the world average of 4.1 MT/ha, the resulting production within Nigeria would increase to 15.2 million metric tons of rough rice, equivalent to 10.2 million metric tons of milled rice. As a result, this would provide Nigeria with enough milled rice to feed its own domestic consumption needs, and to meet virtually all of the import needs of the remainder of Sub-Saharan Africa.
On a more practical level, if Nigeria could achieve the world average yield of 4.1 MT/ha on the 630,000 ha irrigated segment of its production, rice production would increase by 1.7 (rough rice) or 1.1 (milled rice) million metric tons. At this level of productivity, 214,000 additional ha of irrigated production would be enough to achieve self-sufficiency (IFDC, 2008) .
Technical efficiency is defined as a measure of how well an individual transforms inputs into a set of outputs based on a given set of technology and economic factors. Despite the various policy measures, domestic rice production has not increased sufficiently to meet the increased demand. Nigeria has comparative resource advantage, in terms of favourable climate, edaphic, and ecological conditions with about 4.8 million hectares of potential land area for rice production to be self-sufficient in the production of the commodity. However, the country depends extensively on importation (Ilevbaoje and Ingawa, 2008) . The question of "could it be that the rice farmers are not efficient in the use of resources?" readily comes to mind.
The present dichotomy between the actual and potential yield of rice which led to increased importation forms the thrust of this study. Thus, this research examines those factors that determine the yield gap in both irrigated and rainfed rice production systems in Kwara state. The specific objectives are to; estimate the Profitability of rice production under rainfed and irrigated rice production systems in the study area; determine the technical efficiency of the rice farmers in the study area and to; assess the determinants of yield gap in both production systems;
METHODOLOGY
The study area This study was carried out in Kwara State, Nigeria. Kwara State is in North central Nigeria. Kwara State is situated between parallels 8° and 10° North latitudes and 3° and 6° East longitudes, with Niger State in the north, Kogi State in the east, Oyo, Ekiti and Osun States in the south and an international boundary with the Republic of Benin in the west.
The state is divided into four Agricultural Zones by the Kwara State Agricultural Development Project (KWADP) authority based on agro-ecological considerations. Although rice is produced in all the KWADP Zones, the KWADP Zone B produces about 90 percent of the state's annual rice production. Kwara State's annual rice production estimate ranges between 17.5-118.3 metric tonnes: 49.6 metric tonnes on average (KWADP, 2004) . The target population for this study is those farmers that produce rice, in the study area.
Sampling technique
A three stage sampling procedure was adopted to select a representative sample for the study. The first stage comprised the purposive selection Edu and Patigi Local Governments in Zone B of Kwara Agricultural development project (KWADP) because they are representative zone for rice production in Kwara State, followed by a random selection of 20 villages each from the two Local Governments. The third stage involves the random selection of 10 households across the selected villages making a total of 200 respondents. Babatunde, R. O., Salami, M. F., Muhammed, B. A. (2017) . Determinants of yield gap in rainfed and irrigated rice production systems -evidence from household survey in Kwara State, Nigeria. J. Agribus. Rural Dev., 1(43), 25-33. http://dx.doi. org/10.17306/J. JARD.2017.00286 www.jard.edu.pl
Analytical techniques
Gross margin and profitability index: these were used to estimate the profitability of rice production under rain fed and irrigated rice production systems in the study area. They are specified as follows:
Stochastic frontier: This was employed to measure the technical efficiency level of the farmers. The empirical specification of function is given as below:
Where, 'i' stands for ith farm and 'j' stands for jth input and β0 and βj denote intercept and coefficients of different variables respectively. Y = yield gap X 1 = farm size X 2 = quantity of seed X 3 = herbicides X 4 = urea nutrient/farm X 5 = labour hours/farm X 6 = plant protection/pesticide quantity X 7 = NPK, nutrients/farm β j is a vector of k unknown parameters, ε i is an error term = V 1 + U 1 V i = random error U i is technical inefficiency effects which are independent of V i .
The mean of farm specific technical inefficiency U i is defined as:
where: Z 1 is age of farmer, a priori expectation is positive. Z 2 is educational level of farmers, a priori expectation is negative. Z 3 is household size, a priori expectation is negative. Z 4 is experience of farmer, a priori expectation is negative. Z 5 is the contact with extension agent Z 6 is the number of different rice plots Linear regression model: This was employed to analyze the determinants of yield gap in both systems of rice production.
Model specification for the linear regression: Y = f (X 1 , X 2 , X 3 , X 4 , …, X n ) Y = yield gap X 1 = educational status X 2 = experience in rice farming (years) X 3 = household size (number of people) X 4 = membership of association (0 = non-member; 1 = member) X 5 = contact with extension agent X 6 = number of rice plots X 7 = amount labour (family) utilized X 8 = amount labour (hired) utilized X 9 = farm size/ha X 10 = fertilizer/ha (urea) X 11 = fertilizer/ha (NKP) X 12 = herbicides (litres) X 13 = pesticide (litres) X 14 = variety of seed planted (0 = traditional or local; 1 = improved) Table 1 presents the Gross margin analysis for both rainfed system and irrigated system. The estimate reveals that on average rain fed rice farmers makes a gross margin of N28,147 per ha. While an average irrigated rice farmer makes an estimated amount of N45,945 per ha. This conforms to the apriori expectation that irrigated rice farmers is more profitable compared to the rainfed system. It can be deduced that rice cultivation is quite lucrative in the study area. Table 2 shows the distribution of technical efficiency among the respondents, which reveals that there is great variation in the levels of efficiency among the farmers which ranges from 41.1% to 97.8% with a mean of 83.0% for farmers under rainfed system while the range is between76.8% to 98.3% with a mean of 92.7% for farmers under irrigated system. The mean level of technical efficiency indicates that on average rice output falls 17.0% short of the optimum output expected to be obtained per farmer. Therefore, in the short run it is possible to increase rice production in the study area by an average of 17.0 per cent by adopting the technology used by the average farmer or best performers.
RESULTS AND DISCUSSION

Technical Efficiency of Rice Farmers in the study area
Yield gap among the rice varieties planted under the two production systems
The mean yield gap that occurred due to technical inefficiency for each variety planted in the study area is presented in Table 3 . This was achieved by finding the difference between the mean potential yield of a variety and the mean yield from the farmer's field. Under the rainfed system it was observed that the mean yield gaps were 3027 kg/ha, 2375kg/ha and 436 kg/ha for FARO 52, FARO 44 and the local or traditional varieties respectively. Under the irrigated system mean yield gaps were the 2578 kg/ha, 2477 kg/ha and 290 kg/ha for FARO 52, FARO 44 and the traditional varieties respectively. Table 4 indicates that factors such as: household size, amount of family labour, fertilizer (Urea), farm size, and variety planted all had significant effect on the magnitude of yield gap. Household size was found to be positively significant implying that the larger the household size the wider the yield gap. This might be because it serves as a source of family labour on the farm hence significant, while its positive effect on yield gap can be as a result of over utilization. The amount of family labour and fertilizer (Urea) used are negatively significant implying that the higher the amount of these factors (family labour and fertilizer (Urea)) used, the lower the yield gap. Farm size also has significant positive effect on the yield gap that is the larger the farm size, the higher the yield gap. This is in agreement with the theory that larger farm sizes are more efficient than smaller ones. The type of variety planted also has a significant positive effect on yield gap of rice. The positive influence here indicates the fact that improved varieties tends to wider yield gap than the local or traditional varieties. This result is probably due to farmers inability to meet up with the nutrient requirement/adoption of improved practices suitable to maximize yield. Table 5 shows the result of the regression analysis for the determinants of yield gap in irrigated rice farms. It reveals that; farming experience, membership of association, farm size, and the type of variety planted all have a positive, significant influence on the magnitude of yield gap. N 100 * Significant at 10%, ** significant at 5%, *** significant at 1%. Source: field survey, 2014. * Zmienna istotna na poziomie istotności 10%, ** zmienna istotna na poziomie istotności 5%, *** zmienna istotna na poziomie istotności 1%. Źródło: badanie w terenie, 2014. 
Determinants of yield gaps
CONCLUSION
AND RECOMMENDATIONS
From the results obtained, it was concluded that rice production in the study area is profitable despite there being a wide yield gap in the output obtained by the farmers. Rice production has a very large profit margin and could serve as veritable avenue for poverty alleviation to the youths possessing the socio-economic characteristics outlined above. Irrigated rice production system was more profitable than the rainfed one. It was also revealed that farming experience, membership of association, farm size, and the type of variety planted all have a positive, significant influence on the magnitude of yield gap in rice production in the study area. This implies that they all widen yield gap in rice production in the study area. This may be due to the causes of inefficiencies such as low level of education, inadequate access to training particularly on the requirements of the improved rice varieties, and failures of farmers association.
It is therefore recommended that the efforts of stakeholders should be directed towards training and retraining of farmers on the adequate agronomic practices as well as nutrient requirement for each rice variety that is planted or proposed for planting in the study area. The farmers should also be supported with irrigation facilities as well as other farm inputs to aid their efficiency. There should be proper monitoring of farmers' associations by stakeholders as to prevent their failures and attendant consequences. Once the causes of inefficiencies of larger farms is controlled and farmers are empowered, policies that would allow them to have access to larger farm sizes should be put in place in order to make room for the production of larger quantity of rice in the study area.
UWARUNKOWANIA POZIOMU PLONÓW RYŻU W UPRAWACH NAWADNIANYCH NATURALNIE I SZTUCZNIE -NA PODSTAWIE BADAŃ PRZEPROWADZONYCH W STANIE KWARA W NIGERII Streszczenie. Rzeczywista wydajność produkcji ryżu w Nigerii odbiega od potencjału, jakim dysponuje ten kraj, przez co koszty importu tego zboża osiągają alarmujący poziom. Wielkość plonów waha się jednak w zależności od zastosowanego systemu produkcji. Niniejsze badanie dotyczy zatem uwarunkowań wydajności w nawadnianych naturalnie (deszczem) i sztucznie nawadnianych uprawach ryżu w nigeryjskim stanie Kwara. Do oszacowania rentowności, efektywności technicznej i uwarunkowań skutkujących niedostateczną wydajnością w obu systemach produkcji wykorzystano odpowiednio budżetową analizę
